DFT study on the mechanisms and stereoselectivities of the [4 + 2] cycloadditions of enals and chalcones catalyzed by N-heterocyclic carbene.
The possible reaction mechanisms of stereoselective [4 + 2] cycloaddition of enals and chalcones catalyzed by N-heterocyclic carbene (NHC) have been investigated using density functional theory (DFT). The calculated results indicate that the most favorable reaction channel occurs through five steps. The first step is the nucleophilic attack on the enal by NHC. Then, there are two consecutive acid (AcOH)-assisted proton-transfer steps. Subsequently, the fourth step is the [4 + 2] cycloaddition process associated with the formation of two chiral centers, followed by dissociation of NHC and product. Our computational results demonstrate that the [4 + 2] cycloaddition is the rate-determining and stereoselectivity-determining step. The energy barrier for the SS configurational channel (17.62 kcal/mol) is the lowest one, indicating the SS configurational product should be the main product, which is in agreement with experiment. Moreover, the role of NHC catalyst in the [4 + 2] cycloaddition of enal and chalcone was explored by the analysis of global reactivity indexes. This work should be helpful for realizing the significant roles of catalyst NHC and the additive AcOH and thus provide valuable insights on the rational design of potential catalyst for this kind of reactions.